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BOUNDzZRY -1NSSiCED UPWASH FOR YAkFD AND SWEPT-BACK 

WINGS IN CLOSED CIRCUZAR WIND TUNXELS 

By Bertram J .  Eisenstadt 

The tunnel-induced velocities for yawed ar.d swept-back a i r f o i l s .  
i n  a closed c i r c u l a r  wiLid tunnel were determined. 
were yeri'crlned f o r  elementdl tiorseshoo vort,ices havtng one t i p  of 
the bound vortex on the tum.!el sxls f o r  a r m g e  cf yaw angles and 
bound-vortex lengths 
p l e t e  yawed and strept-bsck wings of a r 3 i t r a r y  span leading may be 
obtained by a superposi t im of salutlor,e . 

Die calculations 

Frsn these reaul%s, thd correction f o r  corn- 

Chsrts and tables  of the Ind~~ced  veloci ty  nornzl t o  the plane 
of t h e  tunael axis and bound vortex are present>ed. I n  addition, 
f o r m l a s  are givan f o r  ot h i n i n g  (A3 tunnel -inhixed velocit,y normal 
t o  any ot,her p lme cont%ini_ng ihe tunnel =is. These ve loc i t ies  
a r e  needed f o r  swept-bzck wings st h i& ar,g,les of a t tack,  where the 
tunnel ax i s  and tile Lwo halve3 of the ving do not  d 1  l i e  i n  the 
szme p l c m  Curves a r e  p e s e n t e d  for ccnverting the tmnel-induced 
ve loc i t ies  i n t o  correctlona t o  the  geometric angle of a t t a c k  of 
the wing. 

For  tho case of the unymed wing, comparison of the present 
r e s u l t a  L'or the inclixced veloci t ies  along the tunnel axis w i t h  those 
obtained by Imgard Lctz and by J . M Burgers shews e,greement with 
Burgers' r e s u l t s .  Slnce the method of Lotz was used i n  the present 
study, it would appew that; h e r  congutations were incorrect. 

PA proof of ti?e v a l i d i t y  of the method presented by Lotz is 
given in t.he zpperi?ix. 

INTROIXJCTION 

Wind-tunnel t e s t ing  of yhwed and swept airfoils h m  con- 
s iderably increesed with the development of maneavers involving 
f l jght  a t  large angles of s ides l ip  
i n t e r e s t  i n  the use of :wept wings fur transonic, supersonic, a n d  

with the devaloprnent of 
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t a i l l e s s  a f r c r a f t .  
been d i f f i c u l t  t o  derive, inssmlrch as the problem i s  not  reducible, 
as with a s t ra ight ,  myawe2 a i r f o i l ,  t o  t h a t  of a two-dimensional 
potent la l  f l o w .  FectanyulPr tunnels, however, may be t rea ted  by 
the metho.2 of images, a~ was  gone i n  reference 1 i n  which correc- 
t ions f o r  7- by 10-foot clGsed tunnels a r e  given. 
conditions f o r  tunnels of c i r c u l a r  crons-section cannot be satis- 
f i e d  by the use of Imazes alone. 
study i s  t o  ncvelop a method f o r  t r e a t i n g  t h i s  case of the closed 
circulai- tunnel and t o  evaluate the corrections f o r  a range of 
conditions, 

The corresponding tunnel corrections have 

The boundary 

The purpose of the present 

The method wed follows e s s e n t i a l l y  t h a t  of reference 2 in  
which the tunnel-infiuced poten t la l  is  broken up i n t o  two p a r t s  - 
t h a t  of a re f lec t ion  vortex system which makes the  tunnel a 
strem'lino far from the a i r f o i l ,  nncl a residual  potent ia l ,  whose 
e f f ec t  i s  zcro at  i n f i n i t y ,  
applicable t o  both yawed arid swept a i r f o i l s ,  the  bound vortex Of 
the  elemental horseRhoe vortex simulating the wing waa aosmed 
t o  have one t i p  a t  the twlriel e.xis, so t h a t ,  f o r  example, a 
wept-back wing vi th  f a i r l y  uniform load i n c  would be represented 
by two such swept-bnck voi-tices, and a yawed wing with uniform 
loaging by one swept-back md one swept-forward vortex. Since 
the bound vort ices  meet the tunnel axis, the results a r e  applicable 
only t o  wings with l i f t i n g  l i n e s  t h a t  approximately f u l f i l l  t h i s  
condition. 

I n  order t h a t  the r e s u l t s  be readi ly  

Cornputations were made f o r  a range of  sweep angles between 
-45' and 45O, and a range of spans up t o  0.9 of thc tunnel radius, 
so tha t  r e s u l t s  f o r  a r b i t r a r y  loadincs may be found by superposition. 
The induced ve loc i t ies  normal t o  the plane of t he  horseshoe vortex 
were computed for a range of locntion8 i n  t h i s  plane. I n  addition, 
data a r e  glven by whicn the induced ve loc i ty  normal t o  any plane 
containing the turiiel  axis  may bo compiited.. These v e l o c i t i e s  are 
shown t o  be of i n t e r e s t  foi- highly swept wings a t  l a rge  angles of 
a t tack.  

No attemvt has been made t o  fiescribe the methods f o r  converting 
tho induced v e l o c l t i e s  t o  correct ions t o  the measured acrodynmic 
par(meters, inasmuch a8 such methods a r e  described i n  reference 1. 
Methods f o r  adjusting the r e s u l t 8  for compreflsiblllty e f f e c t s  have 
a l o o  no t  been Cjscusse4, inasmuch aa the basic concepts and procedures 
a r e  now w e l l  !mown. 

IJI 

Q0 

angle of yaw o r  aweepback of bounci vortex 

ang le  of yaw o r  sweepback of  bound vortex i n  horizontal  Plane 

- ~- - ~ 

a 
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I 
I .  

8 length of  bound vortcx 

tunnel radius  

d s / ro  

x, y, z rectanmdar coordinnteR (gee f i g .  1) 

x, r, 0 cy l ina r i ca l  coordinates ( m e  f i g .  1) 

$ 9  rl, ( x/ro, d r o ,  d r o  
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e 

QO 

Q1 

@2 
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wl 

w2 
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r / r o  

var iakle  of inteerat ion 

po ten t i a l  of elcmental horseshoe vortex 

tunnel induced potent ia l  

po ten t i a l  of re f lec t ion  vor t ices  

res idud-  poten t ia l ,  4 - '91 
c i r cu la t ion  of elementa.1 horseshoe vortex 

angle of a t tack  zb0u-t fixed horizontal  ax is  

mgle hetween plane of a l r f o l l  a.113. plane of horseshoe 
vortex / 

twice angle between plme of horseshoe vortcx and 
horizontal  @.me 



li NACA TN NO. 1265 

l l f t  coeff ic ient  cL 
L l i f t  of wing 

e=n+$ 

of wing 

s wing area 

The elemental hcroeshoc vortex i s  i l l u s t r a t e d  i n  f igure  1. 
It, consists of a b07mJ vortex of  constant stren:l;th, cf length 
and sweepback angle $, 
t iaSl ing vortlcoa running i n  the downstream di rec t ion  from the 
t i p s .  
as follows: 

8, 
v i th  one t i p  on tho tunnel axis and two 

The two coordinate systems used herein (fig. 1) are re la ted  

x =  x 

y = r COS e 

m d  are diapoaed so t h a t  the x-axis coincides with the tunnel axfa ,  
and the xy-plx~no i s  tfhc plane of the horseshoe vortex. 

Let Qo(x ,  r, 0 )  be tho poten t ia l  of the elemental holmshoe 
vortex. The velocity n o m 1  t o  the t u n n d  w a l l ,  1- = ro, induced 
by t h i s  vo?:tex 13 
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The problem consis ts  of f inding a function !? (x, r, 0) which is 
harmcnic inside the cyllnder r E yo and f o r  which 

.' 

The function @ 
t o  the tunnel walls. 

3.3 then the potent ia l  of the addi,tional flow due 

The par t icu lar  external  re f lec t ion  vortex system chosen t o  
?n&s t he  tunnel a streamline a t  i n f in i ty  i s  shown i n  f igure 1. 
It consis ts  of t w c  semi-infinite vortex l inas ,  one i n  the d i rec t ion  
of 2osi t ive x, and the other i n  the di rec t ion  of poai t ive y, 

joined a;t the point (x, 
of  this vortex system ie 

f 
Y, 2 )  = \o, 
de oignated 

The potent i al 

"lie residual potent ia l  which makes the tunnel a streamline 
everywhere i s  decimated #?. Then, - 

ma by equation (1) 

T h i s  potent-lal Q2 i s  hsmonic f o r  r < ro, because It i s  
the difference of two harmonic functions; moreover, the derf.vstive 
of  & ?  nomn-el fx t h e  %,xn~cl VZX. ap,p?loEiidies '(81'0 as ixi approaches 
infin'ity m e  functicn is  sou@it In tlie foim of m i n f i n i t e  s e r i e s  
of harmonic f m c t i o n s  of  .the type f X (  x) R ( r )  S ( 3 )  J . 
boimderi h a s m o n i c  fimcticn o f  per lod  PIT i n  8 ,  and of a rb i t ra ry  
perl.cd 22 i n  x, slch a representation ex1st8, it must take the 
following fcim (reference 3, chapter 1) : 

If for a 
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where Jm 
ths A ' s ,  B ' s ,  C ' s ,  md D'e  a m  constants to be determined. 
2 will be made to approach Infinity. 

i s  the mtll order Besnel function of the f irst  kind, 
Subsequently 

It is convenient to introduce the nondfmensional variables: 

The ser ies  for 9, then becomes 

.I I. I I- 

7 -1 
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Since 

7 

formal d. i f ferent ia t ion gives 

In order to sat;.sfy the boundary conditlon a t  the  tunnel wall. by 
equation (2) t h i s  oer ies  must be me.de equal t o  

a? 

n i s  function, which is  the  veloci ty  normal to the  tunnel wall 
induced by the  horseshoe and re f lec t ion  vort ices ,  i n  obtained by 
the Biot-Savart l 2 w  as 
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In  order t o  satisfy %he boundary conditions on Q2, it i s  
h7 &, C,, I&, so tha t  necessary t o  determine the constants 

equation (2)  i s  s a t i s f i e d .  The f irst  s tep  i s  t o  expand the function 

a(@, + Q].) - in a Fourier s e r i e s  i n  8 .  Since t h i s  function i s  
ar 

m od.4- fumticn cf' 8 ,  thc sw.--los contain0 onlg. sine terms. Thus 

Equating coeff ic ient3 i n  the expansions of equations ( 5 )  
an4 ( 7 )  g ~ v e s  

. _  
n 

These s e r i s s  are the Fourier expansions of the functions %(p) 
cvld 0, where these fcnctions a r e  assumed t o  be of yeriod 2h 
i n  5 .  Therefore 



10 ' NACA TN NO. 1265 

Thus, from equation (4) 

I 

r 
-Ti 

Consid.er famallgr 3 . The t e m  9 2  = q is consldered 
h-$c= 2 h 

a3 

a continuous va-irible-nnm.!ng frcm 0 t c  c"; then 2 - dq and 

fs replaced bg 

l - l m L t  i s  

n=O x -  
with rssppct  t o  c:, oo tliat the aforementicned 

A diocuBsiori of %Le convergewe of  t h i u  ser ien rtnd i t s  formal 
derivatives to the deairad Punstion m d  dcrjvstlvea i p  given i n  the  
appendix. 

The uFwaah ve loc i ty  Cue t o  the tunnel wall a t  points  i n  the 
plane of t h o  cirfoil i o  given by 
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The term 

is the velocity due to tho reflection vortices. The tern 
3% I 

L 

w2 = 

term by term. 
arrmged fclr t h i s  dlfferentiation normal to t.he plane of the 
vortexz since 

is obtalned by differentiating the series for @,, 

The series (a  Fourier fierles i n  0 )  is  veqr suitably 

r 
"2 =*- 4nro 
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The t o t a l  comoction t o  the ve:*tical veloci ty  i n  the plane 
of the a i r f o i l  i s  then 

METBOD OF COMPUTATION 

The determination of w2 I s  dspendmt  upon an evaluation of 
the functions %(5) and performance of  the cpei-ntions indicated 
i n  equation(l0). I n  makin3 these calciilatlons, it, must be remembered 
tha t  the functions ~ ~ ( 5 )  and, thwefnro,  the f i n a l  upwmh 
velocity due t o  the tunnel w a l l  depends uqon the parametel*s 

each co?>€nati.cn of these t w o  pammeteys . 
were p-- I m n e d  f o r  
ami *'+j' . gm(c) were calculated fok-  thcse vd.ue,s 
of u (-7-1 \j, md f o r  m = 1, 2. 3, lk, 5 .  Only  the fjrst three 
functio$-:- ~ ~ ( 5 )  vere IiseJ, aimce gm(c) for highor values of m 
wer2 ? - ~ i . ~ d  to '06 tc3 a l l  to  aL'fect thc rt-svlt8 The CdcldatiOn 
qf ~ ~ ( 5 )  reqiili-s.1 thr: expana im of  

u 
9; consequently, a d-iffei*ent computation nus t  be pel-fonned for 

"Ire present c7mputations 
m.3 f a r  $ = OQ, tl?', *: lOo, CJ = 0 .I;? and 0.90 

The fimctions 

i n  a Fourier ser:Ies. For 14 > 10, t h i s  c d c u l a t l c n  could be 
don2 muly t icu l ly  by f-irst expanding F(g,Cl) i n  a power s e r i e s  

i n  T e m s  of ordcr and higher wme ignored. Iil order t o  
1 
3 

t o  0 % tnin gm(z,) foi- I?,/ -? 10, F(~,13) was computed f o r  the desired 
-mlucs of 5 and f o r  7G3 in te rva ls  Gf 9 and '1 nuner!cal Fourier 
annlysio w a s  yorformcd I'OY e:tch value of E,. Thc i n t e p - a l  



For 
i s  defined by the  thl-ee st:-aight l i n e s  in te rsec t ing  t h e  &me 

a?, t>e m i n t s  5 = -10, -10; 5 = --?-o 
equations of these staight l i n e s  are a l so  kno$n m a l y t i c a l l y .  
f m c t i o n  gml'(pS) i s  then defined by equztion (12 ) .  

10, pm'(g) i s  taken equal t o  ~ ( 5 ) .  For lgl < 10, hi( 0 
~ ( 5 )  

10. and 5 = LQ, 10 The 
3 3 '  -7 3 

The .. 

Since hi(c) is thus h o r n  e i t h e r  as n l i n e a r  function of 5 
o r  a8 ai inverse paver series i n  2, the  expression 

5 

ma,y ht; 'n+,cgraLted tr, @ve simple functrono p lus  integrals of the 

form / % ! e  d g  xid / go?'@ dp.  These l a t t e r  i n t eg ra l s  
P r 3 

f!i) P d o  p 

are  tabulated i n  i.eft,rence 4 .  
was oxpn&xi 3-n a F m r i e r  serien by numerical methods, mfi the  
in t eg ra l  

Each of the scpamte loops of gmii(P) 

was then obtained m n l y t i c a l l p .  The in t eg ra l  

was then f i n a l l y  cbtained i n  the f o m  
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The functions 2,(q) and k,(q) h w e  been given i n  t ab le  I 
f u r  ralues of 
t i c n  with respect t o  
ensent ia l ly  com;?l.ete conve:-ger,ce t o  t h e i r  l ih i t ins '  values of all 

the  Integrals  involving q. The functions -- Jm( i qP 
obtalned, f c r  the30 Bane values of q an3 various vczlues of p, 
by une o f  tho tablo3 of reference 4 and the relation between the  
df r iva t ives  of Bt:swl  f u n c t i m s  and the  functions themselves 
(y9'erence 5 ) .  These Yes-iLts are presented i n  t ab le  11. The 
y c d u c  t 

q running from 0 t o  2rr i n  Bteps of 0.055r.. Integra- 
d v e ~  t h j s  ran&e ims enou@l t o  ensure a_ 

were 
3 WJ,' ( i d  

was detcxiined Tor varSous values of the  posit-lon parameters 
m>.? p and of the wing pnrjmetcrs CJ a d  $. The f i n a l  Integra- 
t8tm d t h  i-esyect t o  vas porfoimed nmericlzlly bj. u ~ e  of 
Wed(? 13 ' 5 TGJTIIIJB ( reft:,L-c-nce 6) . 

p 

9 

Tie functions 

obtained as described a m  presented i n  t2ble 111. 
cnrrect ian w2 1 3  than obtained by s r m i n g  these functiona as 
jnd'ccttcd i n  sqnatlor, (10); t he  ve loc i ty  cor rec t ion  w l  is 
ccmputcd by use of equa.t;on (g), m d  t h o  t o t a l  tunnol induced 
veloci ty  w i s  thus nbtainod. 

The veloci ty  
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RESUIiTS !X!l DISCUSSION 

The ve loc i t i e s  w normal to t'nc g - p l a m  have been 

. This function 4srrow converbted t o  the nomiimnsional f o r n  

i n  p e s c n t e d  for d i f f e ren t  valuss of  the posit ion and wing 
pm&ietcrs i n  figures 3 t o  7 an3 t ab le  IV. Tha values given 
for u = 0.25 md c = 0.7 vere obtasned- by a nmerical 
in te rp3la t icn .  
used i n  t h i s  interpolatjon, since l / w  tends t o  vary l i nea r ly  with 
a, as i s  shown by the eqmt ion  

Pa cos \ii 

The rsciprccals  of the  upv~sh  vcloci%ies  were 

"he vtlriatian along the t,unnel axis of the indii.ced velocity 
TJ 

encc e)l  for the s p e c i d  ccse of a ving at z e x  m z l e  of  yav. 
These val-aes are nat  in  cwipp!-st,e ag-eeulent with each other. 
resulks obt-ained herein for this c2se, by methods essent iz l ly  
s i m i l s r  t o  those of Lotz, ch.:ck t h o  r s s u l t s  cb.tai:ied by Burgers 
(f'i.9. 3 ) .  In re;"crzr.co 2, morecmer,, Lotz has  sta-ted t h a t  the 
fndnce3 velncit .3 c b t x ~ ~ i e d  l?y tlie ca,J.cd :ition:: of  Burgers ( r e fe r -  
ence. P) does not IXLW a maximum< AII extension of tliese cdc t f ia t ions  
sh.owed, h x e v w ,  th?tt % rnmAnLm i s  obtalned . 
be concluded thrzt Lr-.tz i s  i n  e r x r  bcth 8 s  t o  reeult .s  Find accusetion. 
Ruygers' mcthod w a s  no+ wed  i n  tk present vork becauce it 
appeared fi.c;m prsl.ininary stuCy t o  be very urlwleldy. 
b s p c t i o n ,  howeve?, ~ R C  since indicated thatl the comytations 
involvad w w l d  probably h?.ve been. l e s s  la5oriov.r.: than thase needed 

has been comptecl by Lotz (reference 2) a d  B u y e r s  (refel.- 

The 

It m m t  accordingly 

Closer 

trith th method of T l C j t n .  

!!in<.s a-t Hi& Angles of' Attzck 

In gmera l ,  a yamd wing in  a vind t;innol -J R rots'x.3. ~ 5 n : ; t  
i T s  quarter-chorc" l i n e  an? t b i s  mzle of  rotat iun 
of a t tack  i.f the w i n g .  

'Althou& referynce 8 i s  publ?' shed wdcr the  jo in t  authorship 

E i s  the angle 
I n  correcting for the tunnel-induced 

- -- -----I.------- 
'cf von K&mm and Bcrgws,  ths preface st.atcs that, the chapter 
c i t e d  herein was contributed by Bxgers. 



velocity,  it i s  assumed t h a t  cnly the velocity normal t o  the  p l m e  
cf +he 1iTting l i n e  aqd free-Pti.ezui directmion, the xy-plme, hES 
QY efzect  ai t5e l i f t .  
a t tack and 13 giveii by 

Ths correction is  mrde t o  the angle of 

(13) W a a . e z t a n m = - -  
v cos JI 

vhere w is the  timnel-fndiice2 velocity norms1 t o  the xy-plane 
cnd V cos \I/ 13 the comJonent of ths f ree-s tman ve lcc i ty  normal 
t o  t h e  a x i s  of  rotat ion.  1.t; i s  t i i s  veloci ty  w whfch i a  
tabulated hevein in terms of the parameter -. men,  

!+mow 
C 0 3 ~  

o r ,  by m i n e  the relnt ion betwoen c-trculetion and l i f t  coef f ic ien t  
( i f  the ving can 3e ~ . ~ s x n e l  t o  IC= aZequately represented by a 
single l i f t i n g  1 ixie of uniforn c i r c d a t  ion) 

the  corrwti .cn m a y  be rewrit ten as 

Special consideration must be given t n  the case of swept-back 
w i n p .  For t h i s  c'cse, the win? ir: rotated a%out a fixed horizontal  
axi E ncrmel t o  the tunnel axis, the y , -nx io .  
ro ta t ion  a vaxies ,  the aw;le of yaw +(define4 a s  t h e  angle 
betwecn the li%t,inE: l i n e  and the p l m e  ~ e r ~ e n d l c u l a r  t o  the free-  
s t r e m  d.i_rection) and t h e  angle 
xgo-plano vary 8'1s. (f1,3. 3. 
the x-exie  anq t h e  l i f t i n g  l i n e . )  The dcpondence t2kez the f n r n  

A s  t h i  s mgle of 

$/? bettrecn the xy-plane and the  
The xy-pl,me i s  still. tho Olene of 

cc'7 

= -T cos 
2 
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where q0 i s  the mglo of yaw a t  zerc angle of a t tack .  Tnis 
var ia t ion of the yet, angle must ’be taken in to  account i n  using 
the charts  and tab les  of t h t s  report .  

Tlie desired corcrection t o  a is  s t i l l  the  one associated 
with the c h a c e  i n  l if t  and therefore depen6.s rgain only on the 
velocity w nomd t o  the xy-plme. A change i n  the angle a, 
hovever, !-nvolves a chcmge in  the ve i? t i cd  veloclty n o m 1  to 
the xy,-plmo. 
t o  the angle 
veloci ty  associated with it must have tho componmt w normal 

t o  the  xy7plane. 

In orfier t o  obtain t%e s a @  lift,, the correction 
u m u s t  be such tha t  the addi t ional  v e r t i c a l  

W 
and thus 2 This veloci ty  i s  

2 

17 

The c i r c u h t i o n  about each semispan of the svept-back wlng 
res i i l t s  i n  a force noxnal t o  the xy-plme. “5e  l i f t  force measured 
i n  the tunnel, howeve?, i s  the vor t ica l  component of t h i s  force 
and, therefore, the eqimtion connecting the l i f t  and circulat ion i s  

- L 
B cos * 

pv (2m0 COB JI) 

The angle correct ion then become6 

TM d.rag correction doe0 not involve # d i rec t ly  and is merely 
wru cos q. 

4 against Qo and a are givon 
2 Plots of 9 ,  8,  mii aec 

i n  fipmos 10, 11, and 12. 
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The precedfnq d iacuas im concerns on17 o m  of the  c7-!fPialt!es  
associatad w?th cdcv lc ; t l ow for M9.z anploc of attack, 
least two o t k r  eowces of' ccagera'cle inr,ccvracy m y  be pointed 
out,  &thou& EO e f f o r t  h ~ 3  been m l e  here t o  ev%imt?  t h e i r  
efTects: 
e y a t e u  a t  hiph onglea of atfad:, m d  ( 2 )  k3;o fec5 t h s t  the c v % r  
of e. svspt-beck wing nay not bo on t h e  t ,m,e l  ex:s zt ii! $1 
angles of attack, 'cecnusc the axis of r o t a t i o n  of t h e  w i n 3  is  
u3uall.y behind tho wing rocJts. 

A'; 

(I) th-e prcnomcai! d!stortson of thc  t ~ a ~ l 1 r ~  vo;~tsx 
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In this appenaix ti?c f o m a  expression of $o_r.ation ( 8 )  f o r  
the tunnel-induced potentla1 w i l l  be called C2' ' 'I. The der;vatives 
obtalned by the f o r m 1  d i f fe ren t ia t ion  of this expresoicn trill be 
c d l e d  the der iva t ims  of Q2(l) an0 will be %*itten es ordinmy 
dcrivutives . 
w l l l  be cal led 02. 

Z'hs h z m n i c  f m c t f m  which s a t i s f l e s  eqnation (2)  

Then by tho imiquenens themen for hernonir: functions (refer- 
ence g), it f o l l o w  t h a t  O,(l) = 0 2 .  T h i s  t hoorm and the others 
used herein, which are dmived i n  reference 9 for bowded regions, 
are imedia to ly  extrnsiblo t o  the i n f i n i t e  regicn of the present 
prnblen for l'unctiono Tbhi.ch approach z 8 m  as 5 approaches i n f in i ty .  

In order t o  provs the first statement, it is c~$i'ic:cnt t c  slrow 
t h a t  the I n f i n i t e  5ntsfrrd.s m d  the irifirLite se15es apgearing In Q2(I) 
converge uniformly with roepect t o  5, p, o (~arnack's f i m t  
theorem on convexgmco, rtlfersnce 5 ) .  

P 

The convergence n f  the i n f i n i t e  j.ntc+Fals d.ogcilde u?on the 
characteristics of th.0 f l x c t i m s  gm(5) . Tne c i1uac tc r l s t i c s  
used in the followfng discuoaion, tihich a.rc easf ly  verified by 
c,mE.nsion of F(5,O) i n  a Fourier s e r i e s  are: 

(a> The functions h(5)  a m  bounfied and continuous f o r  all 
values of and approach z e m  8.c 151 a p m a c k e s  in f in i ty  

\ b )  l'he d e r i v a t i v e s  d&(:.)/dE exist m3. are ..lhsoluteiy integrdble 
from minus infinity to plus i - d i n i t y .  
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fin integration by parta   give^ 

of the in t eg ra l  
bounded f n r  a l l  

with nespect t o  
of q. Since f o r  p <  I. (reference )+), 

q nend cnty he ccnsldered in  the infinits region 
__  -_ ~ 
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converges i n  orde2 t o  prove tha t  the oPiginal 3ntebTa.l convergen 
uniformly in  5, p, 0 in t h e  region p $1. From the integration 
by parts and prcpertisa (a) and (b) it followo that 

W 

which converges. Therefore %(P) COB q(P - 5 )  dp 

In order t o  conplete t h o  proof of thc first utatcment, the 
infinite serie8 of infinite In tega ls  nust Etlao be shown to  converge 
uniformly in E,, p, e f o r  p 5 1. - 

If 

caa be shokn t o  be less  in abmlute value than K/m2 where K 
is  zn arbitrL?ry constmf;, tho proof -+rill be complete, f o r  then 

f o r  M suf f ic ien t ly  lares. me functionn [in(!) m e  t i e  ~our*tc”,r  

coeff ic ients  of a function - F(C,, 67) which has continuous 43m 
9r- 

first and second derivatives.  
them exists a sequence of i’unctions, cm(g), unifol-mily bounded 
in m, such that 

Thorefore (reforonce 10, p .  84), 

mPQ&3 CJ5) 
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From the  remark follo-xiw theorem 7,  reference 11, it folluwa t h n t  

ma since the Fourisr expala im of  a 
and has conH.nuous first derivatives 
function, 

function vhfch i s  ccnt?.nuous 
converges t o  the generating 

The secord statement haa t?ms been pi-oved and. the vdAdl%y of the 
operations per?'omed i n  th,J ma1;3is ilxs been cst,&kll ~ h e c l .  



26 

1. 

2 .  

3. 

4 .  

5 4 

6 .  

7 .  

8 ,  

0. 

10 

11. 

Swanson, Robert S .  : Jet-Boundmy Corrections t o  a Ynwod Model 
i n  a Closed Rectangulw WTnd T i l l u d .  NACA PaR, I%b, -7.943. 

L o t i ,  Imqar3 :  Correction af D ~ T ~ T F ? ~ I  i n  Wind Tunnels of 
Circular  and E l l i p t l c  Sect ions.  NACA "4 No. bl, 1936. 

Grzy, Andrew. Mathews, G .  B ., mid MacEobert, T .  M .  : A Treli?-'ze 
on Bessel Functions and Tieii-  App1icsZ;ions t o  Physica 
Second ed ., Macraillan & To., Ltd . , 1931. 

Jahnke, Eugen, and W e ,  Fritz: Tibles of Functions with 
Fonnulse and Curves. 
York) , 134:. 

Churchill ,  Rile1 V .  : 
Problems. McGmw-Rill Book Co ., Inc ., l91tl. 

I?ov . ed . , Dover PtT~licntLons (YTew 

Fouric?r SoraJ OH wid Boundary Ve lue  

Kol!.ogc, Olive-r Ciraon : r"owld:ltio9n of P o t m t i a l  Thoory 
Jul!.us Sprinces ( B w l i n ) ,  l;]?g. 

Tmttrkin, J . D . , <md Feller-, V13.l.g : 
EWmtlons. 
Brown Univ., S m 2 r  1941. 

Far t . i a l  Di f fc ren t in l  
Advanced I n s t r u c t i o n  and. Research. i n  Mcchaa.i.c. a, 

Titchmcrsh, E .  C . :  In t rcduct inn to the Theory cf Fourier  
I n t s g m l s .  The Clarendor, P-esa (Oxfoy-d) , 1.?1,7. 



NACA TN No. 1265 

$(q) 

.----- 
.om8 

. o n 4  

.023b 

. o n 6  

.0217 

.0210 

. o m  

.ai& 

.0172 

.0170 

-0211 

.0207 

.01n 

.0159 

.0146 

.0139 

.0132 

.ou2  

.0102 

.OO% 

.00P8 

.0075 

.0066 

.0060 

.0055 

.0048 

.0042 
~2038 

.0125 

.0036 

-0031 
.cIc13g 
m 2 7  
.0027 
.0026 
.0023 
.0022 
.0022 
.0021 
-0021 

- -  ._- 

27 

Z ~ ( S )  

------_ 
-0.0283 

- . o s 9  
-.ole0 
-.0191 
-.0228 
-.0219 

-.0166 
-.0166 

-.0121 
-.oio7 

-.0347 

- . O l &  

-.0153 

-.0096 
-.oo@ 
-.0072 
-.0059 
- . ooy  
- . O O G  
-.0047 

-.0038 
-.0034 
-.0030 
-.oO2i' 
-.0021 
-.0020 
- .OO21 
-.0017 
-.0014 
-.mi4 

- e0013 
-.cIcI1? 

-.0011 
- .OG11 
-.OOO9 
-.0006 
-.QOOh 
-.oooo 

I ; -000-3 

-.ooii 

I 

o 
.05 
.lo 
.15 
-20 
-25 
-30 
-35 
.bo 
-45 
.50 

-55 
.60 
.65 
.70 
.75 
.Ro 
.@I 

.90 

.95 
1.00 

1.05 

1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.L5 
1.50 

1.55 
1 .hn 
1.65 

1.80 
1.85 
1.90 
1.95 
2.00 

1.10 

1.70 
1.75 

1.5708 
1.1663 

4013 
.a06 
-3900 
*3279 
e3343 
e3026 
.2233 
e1977 
.1822 

-1607 
.1247 
.0978 
.0879 
.0774 
.0621 
.0505 
.04Q8 
.0466 
.0377 

.02# 

.0270 

.0242 

.01n 

.0115 

.0108 

.0113 

.006 

.0121 

.on67 

-006 
.MI75 
.0046 
.00b 
,0045 
.00- 
.om5 
.a002 
.0012 

0 
.A _-_- 

.0065 

.0~46 

.00;7 

.mi3  

.on37 

.004p 
a063 
.ooFo 

u .I 0.45, qr I -450 

-.002! 
-.OO2? 
-.0021 
-.oolE 
-.001: 
-.oO14 
-.0014 
-.001: 

~ 

i ( q )  

- 

----- 
-0509 
-0523 
.0522 
.0518 
.0516 
-0509 
.Ob92 
.Ob70 
.Ob54 
.ob41 

.Ob18 
-0389 
-0358 
-0333 
.0311 

.0264 

.0245 

.OF25 
-0208 

.0192 

.0162 

.0289 

-0175 

.0154 

.0142 

.0130 

.Oll? 

.01oC 

.oog8 

.me6 

-0079 
.mhP 
.005? 
.004f 
,0040 
.0032 
.0@24 
.0017 
.0011 
.OW4 
___ 

I - - - - -  

1.1564 
.1683 
.I198 

.07@ 

.0845 

.0816 

.06& 

.0612 

.05@ 

.0483 

.o388 

.0291 

.0203 

,0164 

.07& 

.0314 

* 0 3 7  

e0173 
.0174 

.01'14 

.0112 

.010e 

.W97 
-0072 

. 0 4 &  

.0047 

.0036 

.002e 

.0034 

.or337 
m 3 n  
.0023 
.00m 
.0021 
.MI15 
.mE 
.mE 
.0011 
.00n 

.0052 

--_._ 

:3(9) 

. - - - - - -  
,o .ow3 
- .0079 - .0071 
- -0074 - .007e - .0074 - -0071 
- .00n 
- .W75 - -0074 

- .0&9 
- .0065 - .0064 
- .0061 
- .0057 - .W53 - .0050 
- .m49 
- .0045 - .0041 

- -0039 - .0036 
- .W33 - .0029 - ,0026 - .OO24 - .0022 
- .00a - .001F - -0017 

- -0015 - .MI: 
- . 0 0 1 4  
- -0014 
- .001! - .m12 - .001: 
- .0011 
- .OOlC 
- .ooos 
--- 

g 9 )  

.----- 
! .q16  
. -0151 
.6834 
.4473 
.3843 
3990 

* 3654 
-2931 
.2445 
.n65  

-1997 
-1557 
.1234 
,1121 
-0993 
. o b 1  
.0654 
.0632 
-0593 
e0493 

-0391 

-0330 
.0$2 

,0249 
.0174 
.0164 
.0167 
.0134 
.on0 
.oil6 

,0139 
. O l M  

.00@ 

.W77 

.00@ 

.0068 
so039 
e 0 0 3 3  
.m45 
.0044 
I_- 

-. 

:1(d 
- 
----_ 
.0446 
.Ob52 
.0462 
.oh68 
.0461 
.0444 
.Oh24 
.oh08 
.0@1 

.0362 

.03& 

-0336 
e0315 
-0297 
. O W  
e0257 
.0240 
.0230 
.0214 
-0197 

.0181 

.0168 

.0120 

.0152 

.0142 

.Oll7 

.0109 

.0101 
*@Jgo 
.0082 

.0074 
. mhh 
.m57 
.oo4E 
.0041 
.0034 
.002? 

.0018 

.0023 

.0013 
- 

$9) 

- 

----- 
I .1&9 
. a 3 4  
-1500 
.io38 
.lo18 
. u 6 5  
ell33 
.0968 
.Ow5 
.0&2 

.0744 
-0594 
.Ob* 
.0463 
.0414 
.03b  
.0*4 
.0292 
e0273 
.0220 

.0192 

. o m  

.0164 

. O l A  

.009e 
-0096 
.oogo 
.0074 
-0063 
.0071 

-0077 
. mh: 
.W53 
.005c 
.005c 
.0041 
.003C 
.ow 
-0031 
.003c 
- 

I 

I-I 
I - - - - -  

t ,0219 
.0209 

. O l e 9  

.0170 

.0202 

.0152 

.0142 

.0142 

.0151 

.0163 

.0174 

.0188 

.om0 

.0204 
-0197 
.0182 
.0164 
. o m  
.0114 
.0091 

.m75 
. m 6 8  
.0~70, 
-0070 
 go 
.OlO5 
.one  
.0124 
.0124 
.on7  

------- 
-0 e0350 - .ob43 

- .0302 
- -0350 

- -0302 
- -03% - -0347 - -0304 - .02@ - .0283 

- .0264 
- .0219 - .Ole9 - . O l e o  - .0168 - .O144 - .015 - . o n 9  
- .on3 
- -0099 

- .00@ 
- .m7e - .0072 - .o& 
- .0049 - .0047 - .0044 
- -0036 - -0033 - -0031 

------- 
-0.0107 
- -0099 - .CUI94 
- .0104 - ,0107 
-..m97 - .0088 - .00@ - .0092 - .oogo 
- .0083 
- .0079 
- .0081 
- e079 - .CUI74 - .0069 - .0067 - .0065 
- . o m  - .0054 

- -0051 - .0049 - .0045 - .0040 - .0035 - .0032 - .003l - .0029 - .0026 
- .005 
- .0023 
- .m23 - .0022 - .eon - .0021 - .0021 
- .00m 
- a0019 

l -.oo19 i -.0017 



28 

3 5  
.60 
.65 
.TO 
.75 .ea 
.w 
.95 

1.00 

.@ 

NACA TN No. 1265 

TABLE I. - VALUES OF TAE FUTTCTIONS 2,( q) AND %( q) - Continued 

. m a  
a 3 3  
.1566 
-1388 
,1166 
.0%2 

.0622 

.0560 

.O?@ 

.Oh52 

~ 6 5 0  
.151+l 
.I446 
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.io90 
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1 .m 
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1.50 
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.0600 
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.0297 
.om2 
.0173 
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N 4TIONAI. " I S O R Y  
COlWZTTKF FOR A??ONAWI'ICS 
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,0091 
.0084 
.0076 
.0066 
.0056 

.0046 

.0038 

.0049 

.W41 

.0035 

.0036 

.0032 

.0025 

.OOm 

.0017 

.0011 

.om3 
- -  

29 

-i__-__ 

1 2 ( d  

------ 
o ~ 8 9 4  

.2176 

.1662 

.Ug l  
-1206 
.1371 
.1345 
.Ilk 
.lo84 
.lo48 

.09?9 

.0774 

.o666 

.0623 

.0564 

.ob78 

.Oh26 

.0&13 

.03$ 

.0333 

.02w 

.0272 

.0244 

.01$ 

.oi59 

.0142 

.01?5 

.0108 

.0091 

a 7 6  

.00gO 

.0094 

.0058 

.0052 

.0048 

.00?7 

.0024 

.0019 

.0023 

.0019 

TABLE I.- VALUES OF "E FUKTIOITS Z,(q) AND %(q)  - Continued 

------- 
-0.0402 
-.O526 
-.Ob72 
-.0366 
-.0424 
-.0501 
-.04gO - .0438 
-.Ob21 
-.Oh47 

- . O b 2  
-.0345 
-.0311 
-.0305 
-.0291 
-.0260 
-.0233 
- . O n 4  
-.0214 
-.0191 

-.0166 
-.0152 
-.0140 
- .0122 
-.0102 
-.ooye 
- .oo@ 
-.0074 
-.0064 
-.0059 

-.0055 
-.0046 
-.0037 
-.0030 
-.me8 
-.0021 
-.0014 - .oow 
-.0012 
-.0010 

S/" 

- 
0 
.0: 
.1c 
.1: 
4 2c 
.2: 
.3c 
3: 

.4c 

.4: 

.5c 

.55 

.6c 

.65 
* 70 
.75 
.& 
.&j 
-90 
-95 

1 .oo 

1.05 
1.10 
1 . l5  
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1 .go 

1.55 
1.60 
1.65 
1 .TO 
1.75 
1 .&I 
1 .ss 
1-90 
1 e95 
2 .oo 

0 
0 
O 
0 

0 
0 
0 
o 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

o 

o 

o 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
o 
0 
0 
0 
0 
0 

1 1 ( d  

L .570e 
L * 3232 
L .0722 

.726e 

.47w 

.4161 
-4350 
. b O i  
,3228 
.2712 
,2523 

*2233 
,1751 
e1395 
,1266 
.ll% 
.og18 
-0758 
-0734 
.070!+ 
.0588 

.0483 
-0453 
.Ob19 
.0330 
.0246 
-02 jo 
-0233 
.01% 
.0146 
.o1n 

a0193 
-0172 
.0113 
.01m 
.0124 
.0105 
.m6R 
.0065 
.0077 

.----- 
) . O l j O  

.0126 

.0145 

.0148 

.01b 

.0135 

.0133 

.oil8 

.ai37 

.0137 

.0122 

. o n 7  

.on8 
-0119 

.0118 

.0108 

.0105 

.0102 

.oog6 

.0091 

u I 0.45, y =  -150 

------- 
-0.0393 -0.0084 

-.Oh09 -.Or%€ - .Oj44  - .0081 
-.oY% -.OO@ 
-.O449 -.0074 

-.0404 -.006? 

-.O384 -.0064 

-.0488 -.oo7:: 

- a 4 4 5  -.0063 

- .036  -.006E 

-.0361 -.0055 
-.0312 -.0051 

-.0268 -.0053 
- -0280 - -0053 

-.024a -.004e 

- . o m  - .0045 
-.0178 -.0044 
-.oi59 -.004o 

-.0219 -..0045 
-.Olga -.0042 

.0046 

.oo$i 

.0036 
a032 
m28 

.ma 

.0024 

.0016 

.0013 

.0010 

-- - 7 - 7  

-.0049 -.OOl9 
-.004i -.0017 
-.oo?4 -.0016 
-.0029 -.ooi4 
- a 2 7  -.ooib 

-.0016 -.mi4 
-.0022 -.OO14 

- .0015 - .0013 
-.0014 -.GO14 
- e0012 - -0013 

.0088 

.oo& 

.m77 

.0072 

.0069 

.0065 

.0062 
-0057 
.0054 
.0050 

- .0141 
- .Ol30 
- -0119 - -0103 
- .00% - . 00 PI 
- .OOn - .00& 
- .cos6 - .W52 

- .0039 
- .0038 
- -0037 
- .00;5 
- .0032 
- .0010 - .002s 
- .0026 
- .0023 - .0021 

. . 1  - 1  

1 .?TO8 
L.  3563 
L .lo% 
.7479 
.4888 
* 4275 
.4515 
.4149 
J327 
.2816 
2665 

-2383 

.1441 
01833 

~ 3 2 2  
.11$ 
.0974 

. w-E 
-0738 
.0602 

.0484 

.Ob70 

.0441 

.0326 

.0214 

.om6 

.0241 

. 0 2 s  

.0182 
*0197 

.0232 

.0211 

.0165 

.0146 

.0155 
-0133 
.0089 
.0076 
-00% 
.00@ 
___ .. .- 

a I 0.45, - 0' - 
11(9) 

--- 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
. -  

t2(q) 

~ - -  

------ 
I. 1956 
.2261 
~ 7 2 8  
.1256 
.1256 
.I418 
.1424 
.1424 
. n 5 7  
a 2 3  

.061 
*0736 
.0687 
.0620 
.0524 
. O W  
so439 
.0408 
-0253 

.0?07 

.lo17 

.02+ 
,0262 
.0=8 

-0173 
.0163 

. o n 7  

.On6 

. o m  

.0134 

.0114 
-0093 
.0069 
.0054 
.m48 
-0023 
.0018 
.W15 
.0022 
.0025 

- 
:2(9) 

~ 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

--. 

1 
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TABLE I.- VALUES OF "E FDNCTIOmS 2,(q) AND h ( q )  - Concluded 

0 
.0: 
.1c 
.15 
.2c 
.25 
.3c 
.35 
.4c 
.45 
.5a 

-55 
.6c 
.65 
.7c 
e75 
.Go 
.?5 
-90 
.95 

1 .oc 

1 .Q5 
1.1c 
1 .l- 
1.2c 
1 .?- 
1.30 
1.35 
1 .LO 
1 .I$'? 
1 .v 
1 .'5 
1.60 
1 .G*; 
1.70 
1 *75 
1 . r C  

u * 0 . 9 ,  * -15' 
- -  

Z3(d  

- 

0 - .0317 - .ov.4 
- -07% - .091: 
- .OR57 
- .09& - .101c - .lo76 - .io66 - .lo21 

- *09W 
-095? 

- .ow6 - .0'46 
- .0797 
- -075 j 

- .0657 
- .o7oF 

- 0611 
- .057; 

- .05'1 
- .04T 
- .O!dc6 
- ,041- 
- .0781 
- .0716 
- . 0 9 7  
- .020i, 
- .027'1 
- .ooL9 

- .0225 
- .om3 
- .01$ 
- . O l b  
- .0161 
- .014G - .01-3 
- .OL13 
- .01131 
- .0037 

k 3 ( d  

o .0691 
- .on1 
- -0736 - .072' 
- .072ri 
- .0721 
- .0717 - .0711 
- .0701 - 0694 - .0683 

- .oh71 
- .o65€ 
- .06& - .0629 
- .oGI,~L 
- .O j9C 
- -0581 

- .Olj4? 
- .05jl 

-0513 

- .056? 

- .0~94 
- .O' 76 
- -0457 
- .Ob37 
- .0418 

- 0778 

- -0338 

- .opR 
- .ow - .0281 
- .0261' - .02!,4 
- .OZ% 
- .02115 
- .013' 
- .01n - .016 ' 

- ,0398 

- .0358 

- 

1(9)  

--- _-- 

.666 3 

.46m 
.Ol@ 
.6 872 
.6270 
.6@2 
.64g  
.5300 
.4561 
.4300 

.3839 

. n o 6  

.25@ 

.23@ 

.211? 
J771 
*1527 
J492 
.1421 
.1201 

1012 
a0959 
. O W  
.0715 
.056c? 
,0542 
.05:8 
.Ob66 
.040P 
e0439 

. 0 4 O 1  

.OLh1 
-0373 
.03 j 4  
.0756 
.030" 
.oxZ 
. o n ?  
.0229 
.on? 

:1 (d  

_-_ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
C 
0 

.2(9) 

1 
.2672 
.32% 
.26% 
.22O4 
.24j4 
.2847 
.r146 
.2593 
2561 
-2479 

.2321 

.a359 
-1866 
.17P1 
.1662 
.1488 
.1362 
-1307 
.1229 . 1101 

*OW3 
-0931 
.0@2 
-0749 
.0651 
.0?96 
.0546 
.01+76 
.0415 
.0337 

.0360 

.03ll 

.0&3 

.023', 

.0211r 

.0152 
,0151 
,0139 
.01?9 
.@lm 

: 2 (4  

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
9 
0 
0 
o 

_- . 

1 3 ( d  

_- 
0 - .0460 
- .07',1 
- .0%2 
- .0946 
- .107p 
- .1106 
- .1m2 
- .1211 
- .1209 - .1197 

- ,1167 
- .1120 
- . l l O P  

- . o s 1  
- .og50 
- - 0 9 7  - .0%6 
- .0826 

- .lo17 

- .0784 

- .0741 
- .0699 

- .0613 
- ,0653 

- . 0 ~ 2 6  

- .Ob1 J 

- .or,67 

- .Oh88 
- .Ob90 

- .0381+ 
- .035i 
- -0 327 - .0302 
- .O"l - .@%? 
- .0-77 - . o n 7  
- .OM2 

- -0173 
- .OlV 

.j(d 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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~ -I__ 
-____------ - 

00000000000 0000000000 0000000000 0000000000 

00000000000 0000000000 0000000000 0000000000 
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-:[if 0 0 

0 
0 

0 0 
0 0 
0 0 

- -- 
p - 0.2 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.- I o .767P 

.6266 
,4011 
.?6w 
,1116 

- .Ob93 
- .2050 
- -5083 
- .3449 
I _ _  

-I_ 

0.5832 
.4624 
.3483 
.2107 
.05& 

- . 0 9 b  - .2457 
- .3745 
- .5197 

I I 

0 
0 
0 
0 
0 
0 
0 
0 
0 

__ .~ 

0.5511 0 
,4187 1 E 1 0 

- . 0 2 b  -.0011 
-.0353 0 - .O442 - .0029 

- .O( 

- 0 
,-,-,' 
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-- -_ 
-0.9 
-.6 
- .4 
- .2  
0 
.2 
.4 
.6 
.9 

33 

____ 
0.6128 

.5646 

.300P 
,1697 
,0270 

-.1133 
-*2970 

.5019 

.4142 

TABLF In.- V A L E 3  OF "5 FUIVCTIONS Fm - Continued 

__ 
0 
0 
0 
0 
0 
0 
0 
0 
0 

__ 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
- 

0 
0 
0 
0 
0 
0 
0 
0 
0 

__ 

o .4076 0 
0 
0 
0 
0 
0 
0 
0 
0 

~- - 

0.4659 

- ,1340 

- .35@ 

0 - a 6 2  - ,2267 - * 3157 - .4076 
I 

p =  0.2 

. .  

-0.9 
- .6 
- .L 
- .7 
- .2 
- .1 
0 
.1 
.2  
.i 

I &  
.6 
.9 

T--- 

0.4710 
.3988 
.326R 

.1705 ------ 

.0270 - ,1150 
- ,7044 

.I . . 

. ,  
I .  

. '> 

_ .  
I - - - - - -  
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5 

--. 

-0.9 - .7 - .6 
- .5 
- .4 
- - 3  - .2 
- .1 
0 
.1 
.2 
. 7  
.4 
.5 
.6 
-7 
.9 

-0 -7 
- .F: 

- . 11 

0 

. 11 

.5 

.6 

.I 

- 3- 

,- - . L  
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TABLE XI.- VALUES OF TRE FUNCTIONS F, - Continued 

P s 0.9 

I . _. 
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TABLE ?XI.- VALTBS OF TBE FuWTIonS Fm - C C a C l d e d  

35 

P 0.7 

I I 

-0.7 - .6 - -5 - .4 
- .2 
0 
.2 
I. 
..t 

-5 
.6 
.7 

----- . l O l E  

.OB€ 

.0764 

.05% 

. O l e :  

----- 

----- 
----- 
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NACA TN No. 1265 Fig. 1 



Fig. 2 NACA TN No. 1265 

0 0 4 s 
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NACA TN No. 1265 Fig. 3 



Fig. 4a NACA TN No. 1265 



NACA TN No. 1265 Fig. 4b 



NACA TN No. Fig. 4c 



NACA TN No. 1265 Fig. 4d 



Fig. 4e NACA TN No. 1265 



NACA TN No. 1265 Fig. 4f 



NACA T N  30. 1265 Fig. 4g 



NACA TN No. 1265 
I Fig. 5a 
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m 
0 

5, 



NACA TN No. 1265 Fig. 5b 
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Fig. 5d NACA TN No. 1265 



NACA TN No, 1265 Fig. 5e 



NACA TN No. 1265 Fig. 5f 



NACA TN No. 1265 Fig. 5g 



Fig. 6a NACA TN No. 1265 

(a) v = -6. 
P i p r e  6.-  Tunnel-induced-velocity parameter normal to plene 5 = 0 plotted 

against 5 for different values of q. u =  0.7. 



NACA TN No. 1265 Fig. 6b . 

. 



NACA TN No. 1265 Fig. 6c 

( 0 )  - -15: 
Figure 6 . -  Continued. 

. 



NACA TN No. 1265 Fig. 

(a) p = 09 
Figure 6. -  Oontinued. 



NACA T N  No. 1265 Fig. 6e 



NACA TN No. 1265 Fig. 6f 

(113 = 50". 
F i g u r e  6 . -  Continued. 



Fig. 6g NACA TN No. 1265 



NACA TN No. 1265 Fig. 7a 

(a)+ = -4;. 

Figure 7.- Tunnel-induced-veloclty parameter normal to plane 5 = 0 plotted 
against 5 for different values of q. u =  0.9.  



NACA TN No. 1265 Fig. 7b 

(b) 9 = -30. 
Figure 7.- Continued. 



NACA TN No. 1265 Fig. 7c 

(o)y - -15: 
Figure 7. - Continued. 



Fig. 7d NACA TN No. 1265 

(&;,I  = 0. 

Figure 7. - Continued. 



NACA TN No. 1265 Fig. 7e 

( a )  * 15: 
Figure 7.- Continued. 



Fig. 7f NACA T N  No. 1265 



NACA TN No. 1265 Fig. 7g 

(g) $ - 45: 
Figure 7. - Concluded. 



Fig. a NACA TN No. 1265 
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Fig. 10 NACA TN No. 1265 

Figure 10.- Relation between II/ and yo for d i f f e r e n t  values Of a. 



NACA TN No. 1265 Fig. 11 

. 
i 

P l y n  11.- Relation between a and # for different valuer of yo. 



Fig. 12 NACA TN No. 1265 

. 

Figure 12.- Relatidn between set' and a f o r  d i f f erent  value6 of \voe 


